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A left-right symmetric model with SU(2)-triplet fermions
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Max-Planck-Institut fu¨r Kernphysik, Saupfercheckweg 1, 69117 Heidelberg, Germany
We consider an SU(3)c⊗SU(2)L⊗SU(2)R⊗U(1)B−L left-right symmetric model with three Higgs
scalars including an SU(2)L doublet, an SU(2)R doublet and an SU(2)L ⊗ SU(2)R bidoublet. In
addition to usual SU(2)-doublet fermions, our model contains SU(2)-triplet fermions with Majorana
masses. The neutral components of the left-handed triplets can contribute a canonical seesaw while
the neutral components of the right-handed triplets associated with the right-handed neutrinos
can contribute a double/inverse-type seesaw. Our model can be embedded into an SO(10) grand
unification theory where the triplets belong to the 45 = (1,3,1, 0)⊕ (1,1,3, 0)⊕ ... representations.
PACS numbers: 14.60.Pq, 12.60.Cn, 12.60.Fr
In the SU(3)c⊗SU(2)L⊗SU(2)R⊗U(1)B−L left-right
symmetric models [1], the standard model (SM) fermions
plus the right-handed neutrinos are placed in the SU(2)L
or SU(2)R doublets. With an appropriate Higgs con-
tent, we can generate the fermion masses by supplement-
ing additional fermions or not. The minimal Higgs con-
tent seems to be an SU(2)R doublet and an SU(2)L
doublet, which drive the left-right and electroweak sym-
metry breaking, respectively. With the SU(2)-doublet
Higgs scalars, one can consider the universal [2] seesaw
[3] scenario to generate the SM fermion masses and the
neutrino masses by introducing SU(2)-singlet fermions.
In the most popular version of the left-right symmetric
models, the fermion fields only contain the usual SU(2)
doublets while the Higgs fields contain two SU(2) triplets
and one SU(2)L ⊗ SU(2)R bidoublet. The right-handed
Higgs triplet and the Higgs bidoublet are responsible for
the left-right and electroweak symmetry breaking, re-
spectively. The charged fermions can obtain their masses
through the usual Yukawa interactions while the neutri-
nos can obtain their masses through the type-I [3] and
II [4] seesaw mechanisms. In the original left-right sym-
metric model, the Higgs content contains two SU(2) dou-
blets and one SU(2)L ⊗ SU(2)R bidoublet. The right-
handed Higgs doublet and the Higgs bidoublet account
for the left-right and electroweak symmetry breaking, re-
spectively. In this scenario, it is difficult to naturally
explain the smallness of the neutrino masses. To solve
this problem, one can introduce gauge-singlet fermions
with Majorana masses to realize the linear [5] and dou-
ble/inverse [6, 7] seesaw.
In this paper we shall extend the original left-right
symmetric model by SU(2)-triplet fermions to generate
the small neutrino masses in a nature way. This idea
has been proposed in an early work [8]. However, the
author explicitly broke the discrete left-right symmetry
to protect the left-handed Higgs doublet from a nonzero
vacuum expectation value (VEV). In consequence, a
double/inverse-type seesaw induced by the neutral com-
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ponents of the right-handed triplets associated with the
right-handed neutrinos becomes the unique origin of the
neutrino masses. We shall study the general scenario
where the left-handed Higgs doublet has a nonzero VEV.
Specifically, the neutrinos can also pick up their masses
through a canonical seesaw induced by the neutral com-
ponents of the left-handed triplets. The canonical seesaw
even can dominate over the double/inverse-type seesaw.
Furthermore, we will embed our model into the SO(10)
grand unification theory (GUT). In the GUT context, the
SU(2)-triplet fermions belong to the 45 representations.
A 45 multiplet also contain a singlet fermion under the
left-right gauge symmetry. The singlet fermions can re-
sult in a double/inverse-type seesaw and a linear seesaw.
We take the notations as follows:
χL(1,2,1, 1) =
[
χ+L
χ0L
]
, χR(1,1,2, 1) =
[
χ+R
χ0R
]
,
φ(1,2,2, 0) =
[
φ01 φ
+
2
φ−1 φ
0
2
]
(1)
are the Higgs scalars, while
qL(3,2,1,+
1
3
) =
[
uL
dL
]
, qR(3,1,2,+
1
3
) =
[
uR
dR
]
,
lL(1,2,1,−1) =
[
νL
eL
]
, lR(1,1,2,−1) =
[
νR
eR
]
,
TL(1,3,1, 0) =


T 1L
T 2L
T 3L

 , TR(1,1,3, 0) =


T 1R
T 2R
T 3R


(2)
denote the fermions. It is convenient to rewrite the
fermion triplets by the matrix representation,
TL,R = τ1T
1
L,R + τ2T
2
L,R + τ3T
3
L,R
=
[
T 0L,R
√
2T+L,R√
2T−L,R −T 0L,R
]
(3)
2with
T±L,R =
T 1L,R ∓ iT 2L,R√
2
, T 0L,R = T
3
L,R . (4)
The right-handed Higgs doublet χR will develop a VEV
〈χR〉 =
[
0
vR
]
(5)
for the left-right symmetry breaking. Subsequently, the
Higgs bidoublet will acquire a VEV
〈φ〉 =
[
v1 0
0 v2
]
(6)
to break the electroweak symmetry. Because the left-
handed Higgs doublet has the trilinear couplings with
the right-handed Higgs doublet and the Higgs bidoublet,
i.e.
V ⊃ µχ†LφχR + µ˜χ†Lφ˜χR +H.c. , (7)
it will pick up an induced VEV 1,
〈χL〉 =
[
0
vL
]
with
vL ≃
µvRv2 + µ˜vRv1
M2
χ0
L
∼ µv2 + µ˜v1
vR
, (8)
which is a weak-scale value for µ ∼ µ˜ ∼ vR or a tiny
value for µ ∼ µ˜ ≪ vR. The allowed Yukawa couplings
should be
LY = −yq q¯LφqR − y˜q q¯Lφ˜qR − yl l¯LφlR − y˜l l¯Lφ˜lR
−fLl¯cLiτ2TLχL − fR l¯cRiτ2TRχR +H.c. . (9)
The fermion triplets further have the Majorana masses
as below,
LM = −
1
4
MLTr(T¯
c
LTL)−
1
4
MRTr(T¯
c
RTR) + H.c. . (10)
Through the Yukawa couplings with the Higgs bidou-
blet, the charged fermions can obtain their masses, i.e.
Lm ⊃ −mdd¯LdR −muu¯LuR −mee¯LeR +H.c. ,(11)
with
md = yqv2 + y˜qv1 , (12a)
mu = yqv1 + y˜qv2 , (12b)
me = ylv2 + y˜lv1 . (12c)
1 The electroweak symmetry breaking can be driven by the left-
handed Higgs doublet. The Higgs bidoublet then can obtain a
VEV at the weak scale through its trilinear couplings with the
left- and right-handed Higgs doublets.
As for the neutral fermions, including the left- and right-
handed neutrinos as well as the the neutral components
of the left- and right-handed triplets, their mass term is
given by
Lm ⊃ fLvLν¯cLT 0L −
1
2
ML(T¯
0
L)
cT 0L − (ylv1 + y˜lv2)ν¯LνR
+fRvRν¯
c
RT
0
R −
1
2
MR(T¯
0
R)
cT 0R +H.c.
= −1
2
[
ν¯cL , (T¯
0
L)
c
] [ 0 −fLvL
−fTL ML
][
νL
T 0L
]
−1
2
[
ν¯cL , ν¯R , (T¯
0
R)
c
]
×


0 yTl v1 + y˜
T
l v2 0
ylv1 + y˜lv2 0 f
∗
RvR
0 f †RvR M
†
R




νL
νcR
(T 0R)
c


+H.c. . (13)
It is straightforward to see the 2 × 2 mass matrix can
induce a canonical seesaw formula [3],
Lm ⊃ −
1
2
mLν ν¯
c
LνL +H.c. with m
L
ν = −fL
v2L
ML
fTL ,(14)
like that in the type-I [3] or III [9] seesaw extension of
the SM. On the other hand, the 3 × 3 mass matrix can
induce a double/inverse-type seesaw formula [6, 7],
Lm ⊃ −
1
2
mRν ν¯
c
LνL +H.c. with
mRν = (y
T
l v1 + y˜
T
l v2)
1
f
†
RvR
M
†
R
1
f∗RvR
(ylv1 + y˜lv2) , (15)
which is the double seesaw [6] for MR ≫ fvR or the
inverse seesaw [7] for MR ≪ fvR. In the double see-
saw scenario, the right-handed neutrinos should obtain
a Majorana mass term much smaller than MR. For
ML = MR (for the discrete left-right symmetry being a
parity transformation) orML =M
†
R (for the discrete left-
right symmetry being a charge conjugation), the right-
handed neutrinos should also be much lighter than the
left-handed triplets. In the inverse seesaw scenario, the
right-handed neutrinos and the neutral components of
the right-handed triplets should form the pseudo-Dirac
fermions with the masses of the order of fRvR. The
left-handed triplets and the charged components of the
right-handed triplets thus should be much lighter than
the pseudo-Dirac fermions.
For an appropriate parameter choice, the canonical see-
saw could dominate over the double/inverse-type seesaw.
For example, we can obtain mLν ∼ O(0.1 eV) ≫ mRν by
taking vL ∼ v1,2 = O(100GeV), ML = MR(M †R) =
O(TeV) ≪ fRvR, fL = fR(f∗R) ∼ yl ∼ y˜l ∼ O(10−6).
3It is possible to detect the TeV-scale left-handed triplets
at the LHC [10].
Our model can accommodate the leptogenesis [11]
mechanism to explain the matter-antimatter asymmetry
in the universe. In the double seesaw scenario, since the
right-handed neutrinos are much lighter than the neu-
tral components of the left-handed triplets, the lepto-
genesis should be realized by the decays of the right-
handed neutrinos [11]. In the inverse seesaw scenario,
the neutral components of the left-handed triplets are
much lighter than the pseudo Dirac fermions, which are
composed of the right-handed neutrinos and the neutral
components of the right-handed triplets, so that their de-
cays should account for the leptogenesis [12]. In the case
of MR ∼ fvR, the decays of the left- and right-handed
neutral fermions may both contribute to the leptogenesis.
Note that due to the trilinear couplings among the Higgs
bidoublet and the left- and right-handed Higgs doublets,
the left-handed Higgs doublet will mix to the Higgs dou-
blets from the Higgs bidoublet after the left-right sym-
metry breaking. So, if the neutral components of the left-
handed fermion triplets are lighter than the left-handed
Higgs doublet, they should decay into the SM lepton and
Higgs doublets as same as the right-handed neutrinos.
Not only the right-handed neutrinos but also the neutral
components of the left-handed triplets can mediate the
loop corrections in the decays of the right-handed neu-
trinos [13]. The same story also exists in the decays of
the neutral components of the left-handed triplets.
Our model can be embedded into an SO(10) GUT,
where the Higgs doublets, the Higgs bidoublet, the
fermion doublets and the fermion triplets belong to the
following multiplets, respectively,
10H = φ(1,2,2, 0)⊕ (3,1,1,−
1
3
)⊕ (3¯,1,1, 1
3
) , (16a)
16H = χ
∗
L(1,2,1,−1)⊕ χR(1,1,2, 1)⊕ (3,2,1,
1
3
)
⊕(3¯,1,2,−1
3
) , (16b)
16F = lL(1,2,1,−1)⊕ lcR(1,1,2, 1)⊕ qL(3,2,1,
1
3
)
⊕qcR(3¯,1,2,−
1
3
) , (16c)
45F = S(1,1,1, 0)⊕ TL(1,3,1, 0)⊕ T cR(1,1,3, 0)
⊕Σ(3,1,1, 4
3
)⊕ Σc(3¯,1,1,−4
3
)⊕ Ω(3,2,2, 2
3
)
⊕Ωc(3¯,2,2,−2
3
)⊕ (8,1,1, 0) . (16d)
At the left-right level, the terms involving the singlets S
should include
L ⊃ −hLl¯Lχ˜LS − hR l¯Rχ˜RSc −
1
2
MSS¯
cS +H.c. . (17)
By performing the seesaw mechanism on
Lm ⊃ −(ylv1 + y˜lv2)ν¯LνR − hLvLν¯LS − hRvRν¯RSc
−1
2
MSS¯S
c +H.c.
= −1
2
[ν¯L , ν¯
c
R , S
c]
×


0 yTl v1 + y˜
T
l v2 hLvL
ylv1 + y˜lv2 0 h
∗
RvR
hTLvL h
†
RvR MS




νcL
νR
S


+H.c. , (18)
we can read the contribution from the singlets S to the
neutrino masses,
Lm ⊃ −
1
2
mSν ν¯Lν
c
L +H.c. with
mSν = (ylv1 + y˜lv2)
1
h
†
RvR
MS
1
h∗RvR
(yTl v1 + y˜
T
l v2)
−[(ylv1 + y˜lv2) + (yTl v1 + y˜Tl v2)]
vL
vR
. (19)
The first term is a double/inverse-type seesaw [6, 7] while
the the second term is a linear seesaw [5]. Therefore, we
totally have two double/inverse-type seesaw (from the
singlets S and the right-handed triplets TR), a canoni-
cal seesaw (from the left-handed triplets TL) and a linear
seesaw (from the singlets S). Only the double/inverse-
type seesaw will survive while the canonical and linear
seesaw will disappear if we choose the VEV 〈χL〉 to be
zero as did in [14]. In the presence of a nonzero 〈χL〉,
the up- and down-type quarks can also obtain the see-
saw induced masses by integrating out the (Σ,Σc) and
the (Ω,Ωc), respectively. The VEV 〈χR〉 should be very
large when it accounts for the symmetry breaking of the
SU(2)R⊗U(1)B−L down to the U(1)Y . Accordingly, the
45F should be very heavy to guarantee the quark seesaw.
Actually, the 45F could not be very light if they have the
Yukawa couplings with the Higgs multiplets (such as a
210H) which are responsible for breaking the SO(10). In
case the 45F are not very heavy, we may introduce a new
45H = (1,3,1, 0)⊕ (1,1,3, 0)⊕ ... to break the SU(2)R
down to a U(1)R [15]. Then the U(1)R ⊗ U(1)B−L is
broken down to the U(1)Y by the 16H . We hence can
take the 〈χR〉 at a lower scale such as the TeV.
In this paper we studied the left-right symmetric model
with the SU(2)-triplet fermions. The neutral compo-
nents of the SU(2)L-triplet fermions lead to a canoni-
cal seesaw while the neutral components of the SU(2)R-
triplet fermions associated with the right-handed neutri-
nos result in a double/inverse-type seesaw. The neutrinos
thus can naturally obtain the small masses. Meanwhile,
the leptogenesis can work through the decays of the left-
and/or right-handed neutral fermions. We further in-
dicated that our model could be realized in an SO(10)
GUT with the fermionic 45 multiplets.
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